Nonlocal correlations as revealed by the violations to Bell inequalities are incompatible with local models without any nonlocal correlations. However some tripartite entangled states, e.g., symmetric pure states, exhibit a stronger nonlocality even incompatible with hybrid local/nonlocal models allowing nonlocal correlations between any two parties. Here we propose a three-particle Hardy-type test without inequality, as illustrated by a gedanken experiment, that is failed by all non-signaling local models while is passed by all tripartite entangled asymmetric pure states. Our result implies that every tripartite entangled state, regardless of the dimensions of the underlying Hilbert spaces, passes a Hardy-type test and therefore is genuine tripartite nonlocal. Maximal success probability and a generalization to multipartite cases of our test are also presented. The local realistic models excluded by Bell inequalities, as well as other ingenious approaches such as GHZ paradoxes [9, 10] or Hardy's test without inequality [11] , forbid any sorts of nonlocal correlations. In the case of three particles, however, nonlocality can still be involved in a 'local' model, e.g., any two particles out of three may share some nonlocal correlations. Imagine that three particles are distributed among three distant observers 1, 2, and 3, who may perform some two-outcome measurements. In a most general hybrid local/non-local model, the joint probability of three observers measuring observables a 1 , a 2 , and a 3 with outcomes, e.g., 0, 1, and 0, respectively, has a bi-local form
Entanglement and nonlocality are two different but intrinsically related quantum features, both playing important roles in our fundamental understandings of physical world as well as in various novel quantum informational tasks. It was first shown by Bell [1] that there are entangled states that do not admit any local realistic models and therefore are nonlocal. Much later Werner [2] , after giving an accurate definition to entangled mixed states, showed that there are entangled states that admit local realistic models. For pure states, however, Gisin [3] proved that all entangled bipartite pure states violate a Bell inequality [4] , and therefore are nonlocal. Gisin's result was generalized to multipartite scenario [5] [6] [7] [8] and specially it was shown [8] that all the pure states violate a single Bell inequality arising from Hardy's test for nonlocality without inequality.
The local realistic models excluded by Bell inequalities, as well as other ingenious approaches such as GHZ paradoxes [9, 10] or Hardy's test without inequality [11] , forbid any sorts of nonlocal correlations. In the case of three particles, however, nonlocality can still be involved in a 'local' model, e.g., any two particles out of three may share some nonlocal correlations. Imagine that three particles are distributed among three distant observers 1, 2, and 3, who may perform some two-outcome measurements. In a most general hybrid local/non-local model, the joint probability of three observers measuring observables a 1 , a 2 , and a 3 with outcomes, e.g., 0, 1, and 0, respectively, has a bi-local form
Here S (′,′′) λ and L (′,′′) λ are some bipartite and singleparticle probability distributions, respectively, for a given hidden variable λ distributed according to ̺ (′,′′) λ , respectively. It was first shown by Svetlinchy [12] that, via the violation of a Bell-type inequality, some tripartite entangled states even do not admit such a general kind of local models and therefore these states exhibit genuine tripartite nonlocality. Svetlinchy's result has also been generalized to different cases [13] [14] [15] [16] .
However, Svetlincy's notion of genuine multipartite nonlocality is so general that nonlocal correlations shared by part of observers may even allow signaling. Moreover it is found numerically that certain tripartite entangled pure state does not violate any Svetlinchy-like inequalities [17] . Since a reasonable physical theory should not permit signaling, it is natural to work only with nonsignaling correlations. In particular, all bipartite joint probability distributions appeared in Eq.(1), should satisfy non-signaling constraints such as
where a 2,3 , b 2,3 are two different measurement settings for particles 2 and 3. A genuine multipartite correlation should also exclude such kinds of non-signaling local models [17] . One fundamental task now is to ascertain whether or not a given set of joint probabilities can be casted into the bi-local form Eq. (1) .
Besides the statistical approach via Bell-type inequalities [12, 17] , Hardy-type tests without inequality have also been proposed recently. One Hardy-type argument [18] is introduced to detect genuine multipartite entanglement, singling out a special kind of entangled pure states. Another Hardy-type argument [19] is introduced to detect genuine multipartite nonlocality and all entangled symmetric pure states are found to be genuine multipartite nonlocal. Though there are strong numerical evidences for the violations of a Bell-type inequality [17] and the survival of a Hardy-type test [19] by all fully entangled 3-qubit pure states, it is still unknown even for tripartite systems whether these two notions, genuine multipartite entanglement and genuine multipartite nonlocality, are equivalent or not for pure states.
In this Letter we completely solve this problem for three particles with the help of another Hardy-type test for genuine tripartite nonlocality without inequality. After showing that our test is failed by all non-signaling local models, we propose a gedanken experiment to illustrate a Hardy-type paradox for genuine tripartite nonlocality. Then we identify all the fully entangled 3-qubit pure states that pass or fail our test. Via a local projection to a 3-qubit subspace, every tripartite entangled pure state, regardless of the dimensions of underlying Hilbert space, also passes a Hardy-type test and thus is genuine tripartite nonlocal. A generalization to multipartite cases and the maximal survival probability of our test are also presented.
Suppose that each observer k = 1, 2, 3 measures two dichotomic observables a k and b k with outcomes labeled by 0 and 1. We propose the following six conditions
to detect genuine tripartite nonlocality. We observe that, firstly, if the last condition is replaced with the condition P (b 1 a 2 a 3 ) = 0 then the Hardy-type test proposed in [19] is reproduced in the case of three particles. Secondly, the first four conditions in the above test are exactly Hardy's test for bipartite nonlocality without inequality for subsystem 2 and 3, conditioned on the first observer's measurement of a 1 with 0 as outcome. All non-signaling local models fail our Hardy-type test Eq.(3), in which every joint probability appearing in our test Eq.(3), e.g., P (a 1 a 2 a 3 ), has exactly the same bi-local form as in Eq.(1) for P (a 1ā2 a 3 ). In fact, because of the second observation made above the first four conditions cannot be simultaneously satisfied if particle 2 or 3 does not share nonlocal correlations with others. Suppose now particle 1 is local, i.e., there are some hidden variables λ such that L λ (a 1 )S λ (a 2 a 3 ) > 0 because of the first condition Eq.(3a). However this is impossible due to the following contradiction
Here the first equality is because of conditions Eq.(3d) and Eq.(3f) and the second and last equalities are due to the non-signaling constraints Eq.(2a) and Eq.(2b), respectively, while the third and fourth equalities are due to conditions Eq.(3e) and Eq.(3b), respectively. The second inequality is due to the fact that
To conclude, conditions in Eq. (3) are incompatible with the bi-local form of joint probability distributions. Thus if a tripartite quantum mechanical state passes our test, i.e., all conditions in Eq.(3) are satisfied, then the state cannot have a nonsignaling local model and therefore is genuine tripartite nonlocal. Let us elucidate our test by an example first.
We consider a gedanken experiment similar to the one given by Hardy for two particles that includes three overlapped Mach-Zehnder interferometers for two electrons and a positron as depicted in Fig.1 . When the first electron takes the lower path 0 and the positron takes the upper path 1, or the second electron take the upper path and the positron takes the lower path, then they annihilate and produce a photon pair. After the post-selection of the no-photon cases, the state of the whole system before the detectors reads
Consider the measurement settings |b 1 = |b 3 = |a 2 = |0 + i|1 and |b 2 = |0 + |1 , |a 1 = |0 + x|1 and |a 3 = x|0 + |1 with x = (i − 2)/5. It can readily be checked that all conditions in Eq.(3) are satisfied with a small but nonzero success probability P (a 1 a 2 a 3 ) = 1/72. For examples the detector a 3 never fires if both detectors a 1 andb 2 are triggered as required by condition Eq.(3b) while it is possible for a 1 , a 2 , a 3 to fire simultaneously, a fact incompatible with any non-signaling local models. Suppose that the positron or the second electron is local while the other two particles may have some conspiracies, we have an effective 2-particle Hardy's paradox. Consider, e.g., the positron is local while two electrons may share some nonlocal correlations. The simultaneous clicks of detectors a 1 , a 2 , a 3 3 would not fire at all if observable b 3 were measured, which contradicts the fact that it would fire along with a 2 .
Let us consider a general 3-qubit pure state |ψ and in its magic basis, which is introduced in [8] to derive the violation of a single Bell inequality by all entangled pure states, we have expansion
with |h| > 0. By choosing the phases of |1 1 and |0 1,2,3 we can always make t, u, v, s ≥ 0, respectively. The expansion above can be regarded as an alternative canonical form for 3-qubit pure state and, comparing with the one in [20] , has the advantage of being applicable to higher level systems. A magic basis of a given state can be specified by its closest product state (see Appendix). A 3-qubit pure state |ψ is symmetric if all three coefficients {u, v, s} := A in its magic basis are equal and asymmetric otherwise. For an asymmetric state there are at least two different elements in A so that |h| is different from at least one coefficient in A and, by the freedom of choosing which qubit to have label 3, we can always choose s = 0 if 0 ∈ A and s = |h| if 0 ∈ A. Apart from s there is at least one nonzero element in A, and we can suppose u > 0 by the freedom of choosing which qubit to have label 1. For a fully entangled |ψ we have either t > 0 or t = 0 with at least two elements in A being nonzero. In this case s > 0 infers u, v > 0 so that for a fully entangled asymmetric state we can always assume without loss of generosity
Theorem The 3-particle Hardy-type test Eq. (3) is passed by all the fully entangled asymmetric pure states as well as by all the symmetric pure states with i) t = 0, s = 0, and h = s or ii) t = 0, s = 0, and |h| = s, while is failed by all the other symmetric pure states.
Outline of proof. Detailed proof can be found in Appendix. We denote by |ϕ * the complex conjugate state of an arbitrary single-qubit state |ϕ in a given basis and |φ := J|ϕ * is orthogonal to |ϕ with J = iσ y . For later use we introduce three single-qubit operators C = C 0 + zC 1 ,C = z * C 0 − C 1 , and D = xD 0 + yD 1 with complex x, y, z being arbitrary, where C 0,1 have matrix elements, with µ, ν, τ = 0, 1,
In the magic basis of a given 3-qubit pure state |ψ , the last four conditions in Eq.(3) determine the measurement settings to be,
with z being arbitrary and (x, y) satisfying |x| 2 + |y| 2 = 1 being determined by the second condition Eq.(3b)
For those states specified in the first part of Theorem, by excluding at most ten values of z, we can assure that the first condition Eq.(3a) is also satisfied. For those symmetric states specified by the second part of Theorem, i.e., GHZ-like states cos θ|000 + sin θ|111 and states 1 2 sin θ |000 + |011 + |101 + |110 + cos θ|111 (11) the solutions to Eq.(10) always lead to ψ|a 1 a 2 a 3 = 0 for arbitrary complex z, i.e., condition Eq(3a) cannot be satisfied so that these states fail our Hardy-type test. Some remarks are in order. First, it has been shown in [19] that all fully entangled symmetric pure 3-qubit states, especially those exceptional symmetric states that fail our test, pass another Hardy-type test for genuine tripartite nonlocality. Together with this result for symmetric cases, whose proof is included in Appendix for completeness, our result for asymmetric cases implies that every fully entangled 3-qubit pure state passes a Hardy-type test for genuine tripartite and therefore is genuine tripartite nonlocal. This shows a dramatical difference between the bipartite and tripartite nonlocality. In the bipartite case not all pure states, e.g., all the maximally entangled states, can exhibit Hardy-type nonlocality while all tripartite entangled pure states exhibit Hardy-type nonlocality.
Second, for an arbitrary tripartite entangled pure state with the underlying Hilbert space having arbitrary dimensions, we have expansion
in its magic basis with h d = 0. If there exist j, k, l = 0 such that t jkl = 0 then we make a local projection to the 3-qubit subspace spanned by {|0 1 , |j 1 } ⊗ {|0 2 , |k 2 } ⊗ {|0 3 , |l 3 }. If t jkl = 0 for all possible j, k, l then, since |ψ is fully entangled, we can suppose u jk = 0 and s pq = 0 for some j, k, p, q without lose of generosity. After locally projecting qudit 1 and 2 to the 2-qubit subspace spanned by {|0 , |p 1 } ⊗ {|0 2 , |j 2 } we obtain
where |φ 3 and |φ ′ 3 are two single-qudit states orthogonal to |0 3 with nonzero norms. Let a normalized |φ + ∝ |φ if |φ is proportional to |φ ′ and |φ + 3 ∝ |φ 3 + |φ
if otherwise. After a further local projection to the 2 dimensional subspace of the third qudit spanned by {|0 3 , |φ + 3 }, the first three terms in Eq. (13) are left, since |φ + has non vanishing overlaps with both |φ and |φ ′ . In either cases we obtain a fully entangled 3-qubit state in its magic basis (may be different from the one defined by the closest product state) by a local projection: in the first case we have t = 0 while in the second case we have t = 0 with at least two coefficients among u, v, s being nonzero. Therefore, according to the above discussion for 3-qubit pure states, we conclude that every tripartite entangled pure state passes a Hardy-type test and therefore exhibits genuine tripartite nonlocality.
Third, our 3-particle Hardy-type test has a direct generalization to arbitrary number of particles. The original Hardy's test for two particles [11] contains conditions P (aa) > 0 and P (h) = 0 for every h ∈ H 2 = {ab,ba, bb} or simply P (H 2 ) = 0. Our 3-particle Hardy-type test can be written as P (a 3 ) > 0 and P (H 3 ) = 0 with H 3 = {aH 2 , bab,bbb}. Suppose that P (a n−1 ) > 0 and P (H n−1 ) = 0 are Hardy-type test for n − 1 particles, then P (a n ) > 0 and P (H n ) = 0 where
give rise to a Hardy-type test for n particles which can be proved to be failed by all local non-signaling models (see Appendix). As a final remark, the maximal surviving probability q n = max P (a n ) can be found analytically for arbitrary n [21] . In the case of three qubits we have
with ξ being the unique positive root of x 3 + 4x 2 − 2 = 0. We note that this bound is device independent. For another example in the following 3-qubit state
if we choose the same measurement settings |a = |0 and |b ∝ |+ = |0 + |1 , corresponding to the measurements of observables σ z and σ x , respectively, for all three qubits then all conditions in Eq. (3) are satisfied with a nearoptimal survival probability 1/32 ≈ 0.03125. To conclude, with the help of a Hardy-type argument we have proved that tripartite entangled pure states do not admit a non-signaling local model and thus exhibit genuine tripartite nonlocality. In other words, in order to reproduce the correlations in a tripartite entangled pure state by a hybrid local/nonlocal model, at least one observer must have access to signaling correlations with others. Thus we have established a strong equivalence between genuine multipartite entanglement and nonlocality for tripartite pure states. It is highly possible to generalize this equivalence to more than 3 particles. In view of existing experimental implementations of Hardy's twoparticle test [22, 23] , our 3-particle gedanken experiment is also within the reach of current technologies.
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APPENDIX
Magic basis for a tripartite pure state -For a given 3-qudit pure state, a magic basis is a computational basis {|0 , |1 , . . .} ⊗ {|0 , |1 , . . .} ⊗ {|0 , |1 , . . .} under which
for any pure state |φ k that is orthogonal to |0 k for k = 1, 2, 3 with indices 4, 5 being identified with 1,2, respectively. A magic basis of |ψ always exists and, e.g., can be defined by its closest product state |p = |p 1 p 2 p 3 that maximizes | ψ|p | 2 among all product states. First, we have h = ψ|p = 0 since | ψ|p | 2 is the largest overlap between |ψ and a product state. Second, if there were some k, e.g., k = 3, such that g = ψ|p 1 p 2 φ 3 = 0 for some |φ 3 orthogonal to |p 3 3 , then we would have
This contradicts the definition of the closest product state so that conditions in Eq.(A.1) are satisfied, i.e., the computational basis with |p 1 p 2 p 3 taken as |000 is a magic basis.
Proof of Theorem -For a given pure 3-qubit state, all possible measurement settings satisfying the last four conditions in Eq(3) are those given in Eq.(9) with arbitrary complex z and (x, y). In fact, by assuming |a 1 and |b 3 as in Eq.(9), it follows from condition Eq.(3d) that
All six states in Eq.(9) have nonzero norms for arbitrary |a 1 if z makes C invertible, which is obvious except possibly for |a 3 . Since C|a 1 = D|b 3 , we have ā 3 |b 3 = a 1 |C † C|a 1 > 0 so that the state |a 3 also has a nonzero norm if C is invertible. Recalling that the single qubit operators C, D have matrix forms
Matrix C is not invertible if and only if det C = h(s + tz) − uvz 2 = 0, which has at most two solutions of z for a fully entangled |ψ since h = 0 and t + s + uv > 0. If we choose z such that det C = 0, as we will always do in what follows, at most 2 values of z are excluded. In a given pure state |ψ , each joint probability appears in Eq.(3), e.g., P (a 1b2 a 3 ), becomes proportional to, e.g., | ψ|a 1b2 a 3 | 2 and so on. The second condition Eq.(3b) becomes Eq.(10) which turns out to be a homogenous quadratic equation in x and y where F = C T C * C T JC with its matrix elements F µν = µ|F |ν (µ, ν = 0, 1) being independent of x, y. This is a quadratic equation of x/y or y/x if F 00 = 0 or F 11 = 0, respectively, with at leas one solution and has a solution x = 0 or y = 0 if otherwise. That is, Eq.(10) has at least one solution (x, y) for any given z.
At this stage, by choosing the measurement settings as in Eq.(9) with z not taking at most two values that makes det C = 0 and (x, y) determined by Eq.(10) for the given z, all conditions in Eq.(3) are satisfied except possibly for the first condition, which reads
Since we have chosen z such that det C = 0 the above condition is equivalent to det D = 0. We have to avoid such values of z that (x, y) determined by Eq. (10) 
